Arrhythmogenic β-adrenergic signaling in cardiac hypertrophy: The role of small-conductance calcium-activated potassium channels via activation of CaMKII.
Sustained ventricular arrhythmias (SVAs) lead to sudden cardiac death, for which β- adrenoreceptor blockers are effective. We hypothesized that electrophysiological changes and arrhythmias by β- adrenoreceptor stimulation are crucially related to activation of small-conductance calcium-activated potassium (SK) channels via the increase in Ca2+/calmodulin-dependent protein kinase II (CaMKII) activity. We used normotensive Wistar-Kyoto (WKY) rats and spontaneous hypertensive rats (SHRs). The latter served as a model of left ventricular hypertrophy. We performed dual optical mapping of action potentials and Ca2+ transients, and the effects of isoproterenol and apamin, an SK channel blocker, were evaluated in the Langendorff-perfused hearts. Action potential duration was abbreviated by isoproterenol (100 nM) in both WKY rats and SHRs. In contrast, the CaMKII activity was increased by isoproterenol only in SHRs. In the presence of isoproterenol, apamin prolonged the action potential duration only in SHRs (n = 10, from 116.6 ± 5.05 ms to 125.4 ± 3.80 ms, P = 0.011), which was prevented by KN-93, a CaMKII inhibitor. Increase in Ca2+ transients and shortening of Ca2+ transient duration by isoproterenol were similarly observed in both animals, which was not affected by apamin. Apamin reduced the isoproterenol-induced SVAs and maximal slope of action potential duration restitution curve specifically in SHRs. In conclusion, β- adrenoreceptor stimulation creates arrhythmogenic substrates via the CaMKII-dependent activation of SK channels in cardiac hypertrophy.